Using ambulance diversion status to validate occupancy rate at an academic emergency department in Taipei, Taiwan  by Cheng, Po-Liang et al.
Available online at www.sciencedirect.comJournal of Acute Medicine 2 (2012) 8e12
www.e-jacme.comOriginal Research
Using ambulance diversion status to validate occupancy rate at an
academic emergency department in Taipei, Taiwan
Po-Liang Cheng a, Tzong-Luen Wang a,b, Chee-Fah Chong a,b, Sheng-Wen Hou a,b,*
aEmergency Department, Shin-Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan
b School of Medicine, Fu Jen Catholic University, Taipei, Taiwan
Received 30 June 2011; accepted 8 November 2011
Available online 23 February 2012AbstractPurpose: To validate emergency department (ED) occupancy rate against ambulance diversion status at an urban academic ED in Taipei, Taiwan.
Methods: This is a retrospective study conducted at an urban academic ED with annual census of 70,000 visits. From January 1, 2010 to
December 31, 2010, the hourly ED occupancy rate and other customary measures were collected via the hospital information system. To assess
the performance of ED occupancy rate as a measure of ED overcrowding, we used ambulance diversion status as the reference standard. The
ROC curve, sensitivity and specificity were analyzed and the predictive ability of ED occupancy rate in terms of the 1-hour later and 2-hour later
diversion status was examined.
Results: A total of 8,728 data points together with their corresponding ambulance diversion status were analyzed. The ED occupancy rate was
found to be moderate associated with ambulance diversion status (area under curve, AUC = 0.84, p = 0.004). When the sensitivity was fixed at
91%, the specificity was 60% and the corresponding ED occupancy rate was 1.25. ED occupancy rate was also associated with 1-hour and 2-hour
later diversion status having AUCs of 0.83 and 0.82, respectively.
Conclusion: This study suggests that ED occupancy rate, a simple index that can be easily implanted into any hospital information system, has
the potential to become an universal ED crowding index and offers the opportunity for international comparison.
Copyright  2012, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Emergency department (ED) overcrowding has a negative
impact on patient safety, quality of care, and hospital income.
Several measures have been developed to capture and char-
acterize the effect of crowding1; however, most of these
measures are sophisticated and are not easily applied. ED
occupancy rate, which is one crowding measure, has the
advantage of simplicity and can be implanted easily as part of
a health information system (HIS). Previous studies have
suggested that ED occupancy rate is a moderately accurate* Corresponding author. Emergency Department, Shin-Kong Wu Ho-Su
Memorial Hospital, Number 95, Wen-Chang Road, Shih-Lin District, Taipei
City 111, Taiwan.
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doi:10.1016/j.jacme.2012.01.001means of describing ED overcrowding2 and has been shown to
be associated with time to pneumonia treatment at a commu-
nity ED.3 The performance of ED occupancy rate has been
well accepted abroad and because the index is standardized
according to ED capacity, it has the potential to allow inter-
national comparisons.
To validate the ED occupancy rate, the measure ought to be
tested against a “gold standard.” Unfortunately, at present,
there are a number of different ways of measuring ED
crowding, including staff opinion,4,5 ambulance diversion
status,2,6 left without being seen (LWBS),2 and the ability to
predict crowding.6e9
In this study, we chose “ambulance diversion status” and
“crowding forecast” as the golden standards when testing
whether ED occupancy rate is a valid instrument for measuring
ED crowding in Taiwan.Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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an urban academic center with 70,000 annual emergency
visits. The 900-bed hospital also has a regional trauma, stroke,
and percutaneous coronary intervention center designation.2.2. Selection of participantsThe number of patients at various different ED sections,
including waiting, treatment, resuscitation, pediatric and
boarding, were recorded automatically by a HIS from January
1, 2010, to December 31, 2010. Patient demographic and
administrative data were not recorded; therefore, patient
consent was waived by the Institutional Review Board (Shin
Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan).2.3. Study protocolThe ED occupancy rate is calculated using the formula: (total
ED patient number)/(licensed ED beds). The index ED has 55
licensed beds (45 boarding beds, four pediatric beds, and six
treatment beds). The HIS recorded the ED census hourly and
sent the raw data by automatic e-mail to the principal investi-
gator at the end of every month. Data were recorded using
Microsoft Excel 2011 (Microsoft, Redmond, WA USA) and
double-checked. In theory, there should be 8760-hour data
points over the 1-year study period; however, due to inevitable
server maintenance, 32 entries were missing (five sets in
January, six sets in February, 10 sets in April, one set in May,
June, and July, and eight sets in September). The missing data
comprised 0.37% of the ideal data collection and were dis-
carded. No ambulance diversion occurred during these periods.
The only outcome measure in this study is the ED ambu-
lance diversion status. In Taipei City, Taiwan, all EDs send an
announcement of diversion to the municipal emergency
operation center (EOC) and fire department. Ambulance
diversion status automatically extends for a 2-hour from the
time the EOC is notified. Theoretically, the ED may cancel the
diversion at any time before the 2-hour period runs out,
although this rarely happens. At the time of the study, there
were no existing specific criteria for declaring diversion by the
study institute and the decision was made solely by the chief
physician on duty. In addition, the 2-hour interval had been set
as standard by the EOC without specifying any reasons. Other
regional EOCs in Taiwan may use a different interval.
We obtained the ED diversion status record from the EOC.
It was manually matched with the corresponding ED occu-
pancy rate and verified by another reviewer. The data were
then integrated into the ED census spreadsheet.2.4. Primary data analysisThe primary analysis was done by comparing hourly
recorded ED occupancy rates with hourly recorded diversionstatuses. For instance, the ED occupancy rate at 0:00, April 1,
2010, was 0.9, and the ED at that time did not have an active
diversion status. In this way, we were able to summarize all
eligible 8728 hourly data points.2.5. Secondary data analysisTo further assess the predictive power of ED occupancy
rate, we compared the occupancy rate with the 1-, 2-, and
3-hour later diversion status. Missing occupancy rates during
server downtime precluded analysis for 1 hour prior to the
downtime. The number of affected data points depended on
which analysis was taken, with the 3-hour prediction resulting
in more incomplete data points than the 1-hour or 2-hour
predictions.
For the 1-hour later prediction analysis, there is another
caveat that should be addressed. This is that if the ED was
already on diversion at any given hour, it is almost 100%
certain that it will still be on diversion at the next hour data
point. In other words, the consecutive nature of the 2-hour
long diversion status interrupts the possible causal relation-
ship between the independent variable (ED occupancy rate)
and the dependent variable (diversion status); therefore, data
pairs containing the second consecutive diversion hour were
intentionally omitted.
The 2-hour and 3-hour predictions, on the other hand, did
not suffer from the same inherent problem because of the fixed
2-hour diversion interval and, as a result, more data points
were preserved for analysis in these two cases.
For both primary and secondary analysis, receiver operating
characteristic (ROC) curve, sensitivity, and specificity were
calculated. Two specific points, 90% sensitivity and 90%
specificity, are reported and used to determine the threshold
value for ED occupancy level. The 90% sensitivity value was
chosen because it has been used elsewhere.6 All statistical
analyses were conducted using STATA 9.2 (StataCorp LP,
College Station, TX, USA).3. Results
During the 1-year study period, the ED total patient number
at any given hour had a median of 57 with an upper quartile of
64 and a lower quartile of 50. After dividing by licensed bed
number (55), the ED occupancy rate had a median of 1.04 with
1.16 and 0.90 for its upper and lower quartiles, respectively.
Of all of the 8728 available hours, diversion hours made up
1112 hours (12.74%). The acuteness levels for the study
population according to the Taiwan Triage and Acuity Scale
was the following: Resuscitation, 4.63%; emergency, 19.93%;
urgent, 47.42%; less urgent, 21.08%; and not urgent, 7.54%. In
terms of length of ED stay, 3.17% of the study population
spent 24e48 hours in the ED, 1.27% spent 48e72 hours in the
ED, 1.51% spent >72 hours in the ED, and all of the
remaining patients spent <24 hours in the ED. The study ED
was attended by a total 19 attending physicians throughout the
year. Two of them were in administrative positions, and all of
Fig. 2. Emergency department patient flow stratified by boarding status.
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hours per month.
ED crowding is highly associated with daytime hours. The
probability that the study ED was on a diversion status varied
from hour to hour (Fig. 1, upper), as did the median ED
occupancy rate (Fig. 1, lower). The ED occupancy rate had
two peaks; the highest one was at 12:00 PM and the second one
happened around 12:00 AM. When stratified by boarding status,
it was obvious that the peak at 12:00 PM was made up of both
boarding and nonboarding patients; however, the number of
nonboarding patients was greater than the number of boarding
patients at the 12:00 AM peak (Fig. 2).
The primary analysis suggested the ED occupancy rate is
moderately correlated with ambulance diversion status. The
area under curve (AUC) was 0.84, with a 95% confidence
interval (CI) of 0.84e0.85. When the cut-off value for ED
occupancy rate was selected to be 1.07, this gave 91% sensi-
tivity and 60% specificity for ED diversion; if 1.25 was chosen
instead, 44% sensitivity and 91% specificity was achieved
(Fig. 3, top).
For the 1-hour later diversion status prediction, the AUC
was 0.83 (95% CI 0.82e0.84) with an ED occupancy rate atFig. 1. Upper: diversion probability varied with time over the course of the
day. Error bars represented a 95% confidence interval; lower: emergency
department occupancy rate also fluctuates with time over the course of the day.
Error bars represent interquartile range.1.09, which gave 90% sensitivity and 65% specificity (Fig. 3).
The ability to predict ED diversion status 2 hours later was
degraded as the AUC was only 0.82 (95% CI 0.81e0.82), with
an ED occupancy rate at 1.07 being the cut-off point for 89%
sensitivity and 60% specificity (Fig. 3). The 3-hour later
prediction analysis revealed an AUC of 0.78, (95% CI
0.77e0.79) at an ED occupancy rate at 1.04 to give 90%
sensitivity and 52% specificity (Fig. 3).
4. Discussion
This study is the first evidence to suggest that ED occu-
pancy rate is a valid index for characterizing ED overcrowding
in Taiwan. We took ambulance diversion status as the gold
standard for the “diagnosis” of overcrowding, as well as to test
the performance of ED occupancy rate in terms of sensitivity,
specificity, and ROC curve. The ED occupancy rate has an
area under the ROC curve of 0.84, suggesting moderate
diagnostic performance.
Our study suggests that ED occupancy rate is positively
correlated with ambulance diversion status. A cut-off value
near or at 90% sensitivity and 90% specificity were chosen for
international comparison. From a clinical point of view, this
means that less than 10% of diversions happened when the
occupancy rate was less than 1.07 and less than 10% of non-
diversion hours happened when the occupancy rate was greater
than 1.25. This suggests that these two values can possibly be
used for setting up a computerized “traffic light” warning
system. For example, when the real-time ED occupancy rate is
less than 1.07, a “green light” will be signaled on monitors and
suggests the ED has a low probability of diversion. On the
other hand, the “red light” will flash when the ED occupancy
rate is over 1.25, indicating that either the ED manager should
take steps to prevent further crowding or the ED manager
should request ambulance diversion if situation cannot be
mitigated in a foreseeable time frame. When occupancy rate is
between 1.07 and 1.25 at this ED, it is difficult to predict
whether the ED will enter a diversion state or not. This
Fig. 3. (A) ROC plot for the primary analysis; (B) ROC plot for the secondary
analysis (predicting 1-hour later status); (C) ROC plot for the secondary anal-
ysis (predicting 2-hour later status); (D) ROC plot for the secondary analysis
(predicting 3-hour later status). ROC ¼ receiver operating characteristic.
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introduce ambulance diversion is not totally based on occu-
pancy status; otherwise, the occupancy rate would have AUCof 1 and 100% of sensitivity/specificity. In addition, not every
patient presenting at an ED needs a gurney, so it is not
surprising that the ED may not declare diversion even when
occupancy rate is greater than one.
The fact that ED occupancy rate has overlapping 95% CI
for the AUCs with current (0.84) and 1-hour later diversion
status (0.83) is thought provoking. We have already excluded
the effect of the mandate 2-hour diversion interval; therefore,
this finding suggests that the ED occupancy rate rarely fluc-
tuated dramatically over a consecutive 2-hour period, resulting
in the current ED occupancy level not only being associated
with the current diversion status but also the 1-hour later
status. This finding supports the hypothesis that monitoring the
ED occupancy rate hourly will be frequent enough for this ED,
but perhaps not other EDs.
It may be argued that the ambulance diversion itself is not
a perfect indicator of overcrowding and that it is unreasonable
to use it as the gold standard in this study. In this context, the
problems are that ambulance diversion is not objective, that
ambulance diversion is not a universal criterion, and that some
emergency medical services systems do not allow ambulance
diversion.10 However, it is also well known that whenever an
ambulance diversion occurs, the ED is crowded and patients
care suffers.11 Overall, the authors recognize the limitations of
diversion status, but still presume it is a valid “gold standard”
in this study.
Another well-recognized gold standard for ED overcrowding
is waiting time. However, the average waiting time for patients
at the study ED was only 7.85 minutes (internal data:
December 31, 2010). As the result, waiting time was generally
not lengthy compared with other EDs in industrialized coun-
tries. This phenomenon reflects the fact that emergency
physicians at the study ED were seeing patients rather quickly
despite whether the ED was overcrowded or not. Based on this
fact, it is possible that this measure may not have discrimi-
nation power in Taiwan; therefore, we decided it was not
suitable for use when verifying the usefulness of the ED
occupancy rate. Furthermore, bearing the relatively short
waiting time in mind, it is unlikely that patients will leave the
ED before contact with a physician. As a result, the number of
patients who LWBS is not suitable for use as a gold standard
for the same reason, even though we understand that this
indicator is frequently used in the United States.
The greatest limitation of this study is that it consists of
a single-site study design and, although the results are likely to
be applicable to other academic EDs in Taiwan, further
validation studies are needed if the results are to be used for
smaller EDs located in rural areas in Taiwan. Missing data are
not a significant issue in this study since only 32 hours of data
were missed (0.37%). Based on the average frequency, we
would expect ED diversion to have occurred for around 3
hours within the missing data period. However, because no
diversion occurred during these 32 hours, the missing data
can have no major effect on the analysis. The data cannot
change sensitivity, but they might have a minor effect on the
specificity and ROC curve. Bias due to misclassification as
a result of input error was minimized through our tedious
12 P.-L. Cheng et al. / Journal of Acute Medicine 2 (2012) 8e12double-checking. Any residual input errors, if they existed,
should be at random and thus would not bias the results.
In terms of the internal validity of the ROC curve, it is
assumed that every single decision to call for diversion was
made independently. However, it is possible that if the ED had
been on diversion for a significant period of time, the physi-
cian responsible for decision-making may have administrative
or psychological pressures urging him/her to consider dis-
continuing the diversion, at least for a short time. The effect of
this mental attitude would be to weaken the association
between ED occupancy rate and diversion status.
Occupancy rate is a continuous variable and, because of
this, it offers greater discrimination capability than ambulance
diversion status, which is categorical in nature. This is true
even when the ED is already on diversion. For instance, when
the ED is on diversion, it is possible that the quality of care
may be compromised. However, the extent of this negative
impact may be different between an occupancy rate of 1.2 or
1.4, even though both situations involve overcrowding. Studies
utilize only ambulance diversion as a binary outcome will not
allow investigation of such a phenomenon. Furthermore, ED
occupancy rate should also allow interfacility or international
comparisons to be made because institutions having the same
occupancy rate may have different solutions deployed; these
may result in different clinical outcomes. In conclusion, this
study provides the evidence that ED occupancy rate is a reli-
able indicator of overcrowding at the ED of an urban medical
center in Taiwan.References
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